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E-m ail sm rm m w(i$giasclol vsnl net in
A bstract i l ie  rad ia tion  and im pedance properties o f  a m icrostrip  patch  antenna array have been investigated experim entally  The antenna 
structure consist o f  four com erfed  square  pa tch  array w hich  are arranged properly to fit four quadrants o f  a circle This type o f  configuration is 
chix)sen to use it w ith  m onopulse  com para to r The an tenna  is m atched w ith  its feed line by im pedance transform er Experim entally observed 
results arc com parab le  to th a t ob ta ined  theoretically
K ryw ords ; M icrostrip  an tenna, com er fed  square  patch  array radiation  and im pedance properties 
PACS No. 84 4 0  B a
). In t ro d u c tio n
The feed network of microstrip array exhibits losses which 
lead to a limit on the expected gain and consequently a 
limited number of elements. Taking the elementary radiation 
pattern into account a simple structure using square shaped 
microstrip patch can be considered for a linear series array 
with low sidelobe level, high gain and low cross polarisation.
It is very easy to feed each clement of a comer fed square 
patch and the array can be fed along a straight microstrip line 
as shown in Figure I . Also a tapered distribution is readily 
obtained using quarter wave length transformer along the 
line They provide a high input impedance well suited for 
series array.
1 ^
may degrade antenna performance. An alternative 
configuration may be proposed which combines four crossfed 
array within a circular geometry with the provision of 
providing the monopulse comparator circuit on a separate 
PCB at the back of the antenna. In this article a technique 
for development of 18 element crossfed patch antenna array 
is presented.
2. Theory
The geometry of the patch is shown in Figure 2. When a 
patch is excited at one comer, cavity model [5,6] shows that
*'igurf I. C om er fed sq u are  pa tch  array
A complete microstrip array can be designed with p jg u re  2. G eom etry o f  corner fed square patch 
rnonopulse comparator [ 1 ] at the centre of the aperture [2,3]. j  ^
Fach array is corporately fed with monopulse comparator on main part ofthe internal f .^ld .s 7 ”
“ separate layer [4], But this configuration has major with equal amplitude i^pde^ (1 0 ). (0,1). f the highw^^^
disadvantage that spurious radiation from comparator circuit modes are ignored, Ex, Ey fields along the edges exhi
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v a ria tio n  sh o w n  in  F ig u re  3. T h e  fa r  f ie ld  is lin ea rly  p o la r ise d  
in  E p la n e  o r  H p la n e . T h e  d is c o n tin u itie s  in tro d u c e d  n e a r 
th e  c o m e r  o f  e a c h  e le m e n t a re  sy m m etrica l an d  id e n tic a l fo r  
a ll o f  th em . T h u s  c o -p o la r  an d  c ro s s  p o la r  c o m p o n e n ts  
re m a in  sy m m e tric a l a ro u n d  th e  b ro a d s id e  d ire c tio n .
M j y )
If M o ( x )
F ig u re  3. M agnetic  curren ts  o f  corner fed patch
F o r  u n ifo rm  il lu m in a tio n , th e  s p a c in g  a lo n g  feed  lin e  
e q u a ls  o n e  g u id e d  w a v e le n g th . In  th e  / / - P la n e  n u lls  o f  ea c h  
su b  a rra y  fa c to r  h a v e  d if fe re n t lo c a tio n s  b e c a u se  th e  su b  
a r ra y  h a v e  a  d if fe re n t n u m b e r  o f  e le m e n ts . T h en  a ll su b a rra y  
c o m p o n e n ts  a re  a d d e d  in p h a se  in  th e  b ro a d s id e  d ire c tio n  
w h ile  a  c o m p e n s a tio n  o c c u rs  fro m  th e  o sc i lla to ry  fu n c tio n  
o u ts id e  ^  ^  0 .
T h e  in p u t im p e d a n c e  ( r e fe r  to  F ig u re  4 )  a re  d if fe re n t fo r  
th e  h a l f  m a in  lin e  s e c t io n  R\  a n d  th e  u p p e r  an d  lo w e r g ro u p  
o f  su b a rra y s  R2. T h e  im p e d a n c e  m a tc h in g  n e e d s  o n e  o r  tw o
F ig u re  4. Inpu t m atch ing  transform ers o f  the  cross-fed array
q u a r te r  w a v e  tr a n s fo r m e r  to  g e t su i ta b le  d h ^ a c te r i s t ic  
im p e d a n c e  Z2\ Z2, Z \\  Z l .  T h e  un ifo frfi il fc m in a tio n  
c o n d itio n  y ie ld s  a  re la tio n  in v o lv in g  tra n s fo rm e r  im p e d a n c e  
ra tio s , b e in g  e q u a l o n  e a c h  s id e .
r =  Z 2 ’/Z 2  =  Z lV Z l *  {\IN)(2RalRo) w h e re  Ra = 
re s is ta n c e  o f  c o m e r  fed  a n te n n a .
Ro ~ d e s ire d  in p u t im p e d a n c e , N  =  n u m b e r o f  e le m e n ts  
o n  m a in  line .
B u t o n ly  th e  im p e d a n c e  m a tc h in g  c o n d itio n  d o e s  n o t 
p ro v id e  a  u n ifo rm  il lu m in a tio n , b e c a u se  i f  d if fe re n t q u a r te r  
w a v e  tra n s fo rm e r  a re  u se d  o n  e a c h  a rm  o f  th e  s tm e tu re , 
v o lta g e  on  e a c h  e le m e n t o f  u p p e r  a n d  lo w e r su b a rra y  d if fe rs  
fro m  v o lta g e s  o f  c e n tra l line .
3 . D e s ig n
T h e  b a s ic  ra d ia tin g  e le m e n ts  a re  c o m e r  fed  sq u a re  patches 
in c lin e d  4 5 °  a lo n g  th e  fe e d in g  line . In  o rd e r  to  g e t broadside 
b e a m  o n e  w a v e le n g th  sp a c in g  is n e c e ssa ry . H a l f  wavelength 
sp a c in g  is a lso  p o s s ib le  w ith  a lte rn a te  e l e m e n t  lU keep the 
e q u ip h a se  c o n d itio n . C ro ss  p o la r is a t io n  le v e l c an  be  reduced 
b y  u s in g  a lte rn a te  e le m e n ts  o n  th e  fe e d in g  lin e . Reduction 
o f  s id e  lo b e  lev e l c a n  b e  d o n e  u s in g  s im p le  ta p e r in g  along 
lin e a r  se r ie s  a rray .
T h e  o v e ra ll a rra y  is c o n ta c te d  fro m  p a ra l le l  subarrays 
T h e  n u m b e r  o f  e le m e n ts  is r e d u c e d  f ro m  N i to  Ni 2 
c o n s id e r in g  /-th  a n d  (/ +  l ) th  su b a rra y  re s p e c tiv e ly , where 
N is th e  n u m b e r a lo n g  th e  d isg o n a l. T o ta l n u m b er of 
e le m e n ts  fo r th e  u p p e r  an d  lo w e r g ro u p  o f  su b a rra y  is equal 
to  N(N-2)/4 an d  fo r th e  w h o le  a rra y  Nt  ^ N^ /2. C onsidenne 
th e  s iz e  o f  th e  a n te n n a  c an  b e  c a lc u la te d  a n d  corresponding 
n u m b e r  o f  su b a rra y  is fo u n d  o u t. C o m p u te d  ra d ia tio n  pattern 
sh o w s th e  g a in  o f  th e  a rra y  is 2 1 .6  d B . A c c o rd in g  to the 
p a tte rn  m u ltip lic a tio n  p r in c ip le  a c tu a l g a in  o f  th e  antenna 
a rra y  w ill b e  d e te rm in e d  b y  a d d in g  g a in  o f  the single 
re c ta n g u la r  p a tc h  w h ic h  is o f  th e  o rd e r  o f  6 d B . S o  total gam 
fo r a  s in g le  q u a d ra n t in c re a se s  a b o v e  25  d B . B y  considering 
4 su c h  q u a d ra n ts  o v e ra ll g a in  o f  th e  a n te n n a  is increased  b\ 
lo g io (4 ) d B .
T h e  e n tire  d e s ig n  is d o n e  fo r K u  b a n d  (fo  -  18 GHz, 
B W  =  1 G H z ). A  18 e le m e n t c ro s s fe d  a rra y  h a s  b een  realised 
fo r a  fre q u e n c y  n e a r  18 G H z . F o r th is  a s ix  e lem en t arra\ 
a lo n g  th e  m a in  d ia g o n a l a n d  a c c o rd in g ly  fo u r  su b array s has 
b een  c o n s tru c te d  fo r a  s in g le  q u a d ra n t an d  fo u r su ch  quadrants 
a re  c o m b in e d  to g e th e r  on  a  s in g le  P C B  (R T -d u ro id , £r ^ 2.2. 
th ic k n e ss  ^  0 .7 8 7  m m ) w ith in  a  c irc u la r  a re a  o f radius 
85 m m . T h e  re q u ire m e n t is to  g e l a s id e lo b e  le v e l low er than 
- 2 5  d B  a n d  g a in  25  d B . F o r  in p u t im p e d a n c e  m atch in g , two 
q u a r te r  w a v e  tra n s fo rm e r  a rc  u se d , o n e  o f  w h ich  is a 
s tag e  tra n s fo rm e r fa b ric a te d  an d  p e rp e n d ic u la r  to  the  central 
lin e  w h ile  th e  o th e r  o n e  is a lo n g  th e  c e n tra l line . T h e  purpose 
in  b o th  th e  c a se s  is to  im p e d a n c e  m a tc h  th e  fe e d in g  lines to 
50  o h m  (S M A ) c o n n e c to r  im p e d a n c e s . T h e  transformci 
im p e d a n c e s  a re  su ita b le  fo r  e a sy  re a l is a tio n  w ith  microstrip 
line.
( i)  L en g th  o f  s in g le  sq u a re  p a tc h  =  5 .6  m m ,
(ii)  In te r  e le m e n t sp a c in g  a lo n g  d ia g o n a l =  11.41 mm,
( i ii )  S u b  a rra y  sp a c in g  =  11.41 m m ,
(iv )  W id th  o f  th e  c e n tra l lin e  =  0 .1 7  m m .
4. R e s u lts
T h e  e x p e rim e n ta l p lo t o f  E p la n e  an d  H p la n e  radiation 
p a tte rn  sh o w s s id e  lo b e  lev e l b e tte r  th a n  - 2 0  dB . Input 
im p e d a n c e  m a tc h in g  is a lso  v e ry  c lo se d  to  d e s ire d  value 
(1 .0 0 1 ) . A lso  fo r  a ll fo u r a rra y s  im p e d a n c e  m a tc h in g  closely
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sembles within 0.5% to earth other at the centre frequency. 
The beamwidth obtained from radiation pattern are 20°, 24“ 
,n £ plane and H plane respectively. The gain is calculated
to be 17.6 dBd.
5. Conclusion
In this paper, a novel technique for development of four 
similar crossfed array into 4 quadrants of a circular plate with 
4 SM A output is presented. So this type of antenna is suitable 
for modem system where low cost, light weight and low 
profile antennas are required. Major application lies in 
nionopulsc circuits.
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